Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 632 420 A2 



EUROPEAN PATENT APPLICATION 



(2) Application number: 94110129.7 
@ Date of filing: 29.06.94 



@ int,Ci6:G08G 1/127, B61L 25/02, 
G07B 15/00 



® Priority: 30.06.93 JP 161390/93 

® Date of publication of application: ^ 
04.01.95 Bulletin 95/01 

® Designated Contracting States: 
DE PR SE 

© Applicant: SHARP KABUSHIKI KAISHA 
22-22 Nagalke-cho 
Abeno-ku 
Osaka 545 (JP) 

@ Inventor: Gotoh, TadaomI 
5-9-20 Yamasaka, 
Higashi-Sumiyoshi-ku 
Osaka-Shi, 



Osaka-fu (JP) 

Inventor: Imada, Munetoshi 

1-403 Kodan, 22-1 NIshino-Gaito-cho 

Yamato-Koriyama-shi, 

Nara-ken (JP) 

Inventor: Inoue, Takahtde 

233 Rapooru-Nara, 

763-1 Minosho-cho 

Yamato-Koriyama-shi, 

Nara-ken (JP) 

® Representative: TER MEER - MULLER - 
STEINMEISTER & PARTNER 
Mauerklrcherstrasse 45 
D-81679 Munchen (DE) 



© Moving body discriminator. 



CM 
< 

O 
CM 
^ 

CM 
00 
CO 



UJ 



@) A moving body discriminator has a data proces- 
sor (100) for outputttng a communication command; 
a plurality of controllers (101 -ION) each connected 
to the data processor (100) and inputting the com- 
munication command outputted from the data pro- 
cessor (100) and outputting a predetermined instruc- 
tion; a plurality of question antennas (11 1-1 IN) con- 
nected and corresponding to the plural controllers 
(101 -ION) and inputting and outputting the predeter- 
mined instruction outputted from each of the cor- 
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responding controllers (101 -ION); and a responder 
(120) for inputting the predetermined instruction by 
spatial transmission and outputting a specified signal 
to a question antenna outputting the predetermined 
instruction. The plural controllers (101 -ION) control 
operations of the plural question antennas (111- 
11N) such that the plural controllers (101-10N) se- 
quentially operate the plural question antennas (1 ti- 
ll N) in a predetermined order to communicate with 
the responder (120). 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a moving body 
discriminator using a moving body discriminating 
controller and a question antenna. 

2. Description of the Related Art 

In a general moving body discriminator, a plu- 
rality of controllers (question antennas) are con- 
nected to one data processor. This moving body 
discriminator uses a so-called center polling sys- 
tem. 

In the general moving body discriminator, the 
plural controllers are connected to the data proces- 
sor through a serial network of a bus form (a serial 
channel in the center polling system). A station 
number is set in advance in each of the controllers. 
The data processor mainly transmits signals on 
lines. Commands for executing communication be- 
tween a controller of a station number 1 and a 
responder are transmitted from the data processor 
to this controller of station number 1, 

Processings of the data processor in the above 
general discriminator will next be explained with 
reference to a flow chart shown in Fig. 33. 

In a first step Z1, a controller of a station 
number 1 operates a question antenna connected 
to its own station to communicate with a responder. 
Subsequently, in a step Z2, it is monitored by a 
predetermined number of retries whether a re- 
sponse from the responder is obtained or not. 

In the above step Z2. when no response from 
the responder is obtained by a predetermined 
number of retries, the controller of station number 
1 transmits a message of "no response from the 
responder is obtained" to the data processor. Oth- 
erwise, the data processor detects that there is no 
response from this controller within a predeter- 
mined time, and transmits commands for commu- 
nicating with the responder to a controller of a 
station number 2 in a step Z3. 

Similarly, controllers of station numbers 2 to N 
are sequentially polled by the data processor in 
steps Z4 to Z2N. In a step Z2N + 1, a controller 
succeeding in communicating with the responder 
transmits communicating results between this con- 
troller and the responder to the data processor. 

The above processings will next be explained 
with reference to Figs. 34 and 35. 

An interrogator used in the above general mov- 
ing body discriminator sets an operating code for 
each of reading and writing and an operating 
range, etc. of a command ® for commanding an 
operation of the responder by operational com- 
mands from the data processor such as a personal 



computer, a programmable controller, etc. The in- 
terrogator then transmits this command ® to the 
responder. 

When the responder has received the com- 
5 mand ®, the responder checks whether there is a 
transmission error in command ® and also checks 
command contents such as the operating code and 
the operating range, etc. Thereafter, the responder 
executes a responding operation thereof. 
10 After the responding operation, the responder 

transmits an operating response @ setting oper- 
ational results thereto to the interrogator. When the 
interrogator has received the operating response @ 
the interrogator checks a transmission error in 
15 response (g) and contents of this response. There- 
after, the interrogator transfers checking and op- 
erating results to the data processor so that a 
series of operations is terminated. These oper- 
ations constitute a basic operation of the moving 
20 body discriminator. 

The following explanation relates to an example 
in which data of 10 bytes are read from an address 
0000(H) in a data region of the responder. 

The data processor gives commands to the 
25 interrogator such that data of 10 bytes are read 
from an address 0000(H) in a data region of the 
responder. 

The interrogator receiving these commands 
checks operating contents of these commands. 
30 Thereafter, the interrogator transmits a command 
® for commanding an operation of the responder 
to this responder. In this command ®, an operat- 
ing code is set to a reading code and address 
0000(H) and 10 bytes are set as an operating 
35 range. Further, a transmission error detecting code 
such as a sum check code. etc. are set in this 
command ®. 

When the responder has received this com- 
mand ® . the responder checks a transmission 
40 error from the transmission error detecting code of 
the command ® . Further, the responder checks 
command contents such as the operating code, the 
operating range, etc. 

Thereafter, the transmission error detecting 
45 code and data of 10 bytes read from the address 
0000(H) in the data region of a random access 
memory (RAM) of the responder are set to a re- 
sponse ® and are transmitted by the responder. 
When the interrogator has received this re- 
50 sponse ®, the interrogator checks a transmission 
error in response @ and transfers the read data to 
the data processor. When the data processor has 
received these data, a series of reading operations 
is terminated. 

56 As mentioned above, the interrogator in the 

general moving body discriminator transmits the 
operating command ® for reading and writing 
operations, etc. to the responder by operational 
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commands from the data processor such as a 
personal computer, a programmable controller, etc. 

An operating mode of the responder is set to a 
power save mode to restrain power consumption of 
a battery at a non-transmitting time of data. The 
operating mode of the responder is changed to an 
active mode when the responder receives the op- 
erating command Q) from the interrogator. The 
responder executes operations commanded from 
the interrogator and transmits the operating re- 
sponse © as executed results to the interrogator. 
When the interrogator has received this operating 
response @ , the interrogator transfers results of 
this operating response to the data processor. 
Then, the operating mode of the responder is again 
set to the power save mode and a series of oper- 
ations is terminated. 

As shown in Fig. 36, the moving body discrimi- 
nator has a means for confirming a communicating 
state between the interrogator and the responder. 
In this confirming means, the data processor mea- 
sures a time from a commanding time point of 
operating commands given to the interrogator to a 
time point at which operating results as a response 
are transmitted from the interrogator. It is neces- 
sary to add a dedicated program to the data pro- 
cessor so as to measure and record this time. This 
time is recorded to a memory of the data proces- 
sor and a memory and a printer externally con- 
nected to the data processor. 

In the general moving body discriminator, a 
method according to an operating flow as shown in 
Fig. 37 is used when it is judged whether transmit- 
ting and receiving functions of a spatial transmis- 
sion system of the interrogator are normal or ab- 
normal. 

As shown in Fig. 37, it is judged in a step 3701 
whether a responder for operations exists or not. 
When it is judged in the step 3701 that the re- 
sponder for operations exists, it proceeds to a step ' 
3707 described later. In contrast to this, when it is 
judged in the step 3701 that no responder for 
operations exists, a responder for diagnosis is ar- 
ranged in a step 3702. In a step 3703, communica- 
tion with the responder for diagnosis is executed. 
In a step 3704, the responder for diagnosis is 
removed. In a step 3705. it is judged whether 
diagnostic results are normal or abnormal. When it 
is judged in this step 3705 that the diagnostic 
results are abnormal, repair of the interrogator, etc. 
are executed in a step 3706. In a step 3707, the 
operation of the interrogator, etc. are restarted. In 
contrast to this, when it is judged in the step 3705 
that the diagnostic results are normal, it directly 
proceeds to the above step 3707 and the operation 
of the interrogator, etc. are restarted. 

Namely, the following three operations are per- 
formed. 
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(a) A responder prepared for diagnosis of the 
interrogator is located within a communication 
area of the interrogator at a suitable time at 
which no responder as an object used for an 

5 original systematic operation exists in the com- 

munication area of the interrogator. 

(b) A question signal is emitted from the inter- 
rogator. 

(c) It is confirmed that a response signal from 
10 the responder for diagnosis of the interrogator 

can be normally received. 
In a general communicating technique, the 
moving body discriminator performs communica- 
tion completely according to the form of a half 

15 duplex transmission system. The half duplex trans- 
mission system is a transmission system using 
only one transmission line such as a transceiver. 
Accordingly, in the half duplex transmission sys- 
tem, both devices can have no simultaneous 

20 bidirectional communication such as a telephone. 
Therefore, as shown in Fig. 38, no device B can 
start signal transmission unless a device A stops 
signal transmission. 

An ID plate is a reflecting type modulator so 

25 that a communication form of the ID plate is equal 
to that of the above half duplex transmission sys- 
tem. Therefore, a so-called time-out system is gen- 
erally used in the half duplex transmission system. 
In this time-out system, a maximum time re- 

30 quired for data transmissions of the devices A and 
B shown in Fig. 38 is prescribed in advance. When 
the data transmission of the device A is started, the 
device B begins to transmit a data signal to the 
device A after the prescribed time has passed and 

35 the data transmission of the device A has been 
completely terminated even when data transmitted 
from the device A are abnormal in its transmitting 
operation. Concretely, as shown in Fig. 39, an 
antenna transmits reading commands to the ID 

40 plate. When the ID plate has received these com- 
mands, the ID plate transmits reading response 
data to the antenna. However, when the reading 
response data become abnormal in data transmis- 
sion of the antenna, the antenna again transmits 

45 commands after the prescribed time has passed 
and the ID plate has completely transmitted the 
reading response data. Thus, the time-out system 
prevents a phenomenon of a phase shift in which 
signal transmissions of the antenna and the ID 

50 plate come into collision with each other. 

However, in the above general moving body 
discriminator of the center polling system, it is 
necessary to sequentially issue operating com- 
mands to all controllers connected to the data 

55 processor. Therefore, the data processor performs 
only communication processings with respect to 
the controllers particularly in a system for detecting 
time-out by the data processor so that no data 

3 
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processor can perform the^e communication pro- 
cessings in parallel with other operational proces- 
sings. 

The data processor is interposed at any time to 
move a token (transmission right) with respect to 
the responder to the next station in an order of the 
data processor, the controller of a station number 
1, the data processor, the controller of a station 
number 2, — . Therefore, it takes time to change 
stations so that a cyclic time of the token of the 
question antenna is increased. Accordingly, when a 
moving speed of the responder is high, undetection 
of the token is caused. 

Further, in the above general moving body 
discriminator, the data processor and the interroga- 
tor fixedly arranged do not generally change op- 
erating contents so much between the interrogator 
and the responder commanded from the data pro- 
cessor when an operating system once rises and is 
operated. A series of operations between the data 
processor, the interrogator and the responder is 
fixed in many cases. However, the interrogator and 
the responder must execute each of the following 
items every operation to cope with various applica- 
tions on a data processing side. 

"The interrogator checks command contents 
such as an operating code, an operating range, etc. 
from the data processor." 

"The interrogator sets operating contents such 
as the operating code, the operating range, etc. to 
commands and transmits these commands." 

"The responder checks the operating contents 
of these commands from the interrogator." 

"The responder sets the operating contents to 
a response and transmits this response." 

"The interrogator checks the operating con- 
tents of the response from the responder." 

Accordingly, a processing time for each of the 
above items is required and the operating contents 
such as the operating code, the operating range, 
etc. are included in messages between the inter- 
rogator and the responder so that a communication 
time is increased. 

In a method for recording the communication 
time between the interrogator and the responder in 
the above general moving body discriminator, it is 
necessary to make a graph for measuring the com- 
munication time by a language such as basic, 
ladder, etc. used in each of data processors. 
Therefore, time and cost for developing software, 
etc. are burdens of a user. In a certain data proces- 
sor, a unit and an accuracy of a timer for measure- 
ment are much greater than those of the commu- 
nication time so that no data of the timer can be 
analyzed as the communication time between the 
interrogator and the responder. Further, a process- 
ing time between the data processor and the inter- 
rogator is included so that no recorded time can be 



accurately analyzed in a certain case by commu- 
nication abnormality between the data processor 
and the interrogator and dispersion in the process- 
ing time. 

5 Furthermore, when data are recorded by exter- 

nally connecting the operating system to the data 
processor, an additional space for arranging the 
operating system is required. 

In a diagnostic method of the above general 
10 moving body discriminator, when there is a re- 
sponder used for an original operation of the op- 
erating system within a communication area of the 
interrogator, a question signal is transmitted from 
the interrogator in a state in which a responder for 
75 diagnosis simultaneously exists. In this case, each 
of these two responders transmits a response sig- 
nal so that a mixing signal of these two response 
signals is inputted to a signal receiving circuit of 
the interrogator. Therefore, no normal communica- 
20 tion of the interrogator can be performed so that 
radio interference is caused. In a diagnostic case, it 
is necessary to arrange the responder for diagnosis 
in the communication area of the interrogator so as 
to avoid this radio interference after it is confirmed 
25 that no responder used for the original operation of 
the operating system exists in the communication 
area. However, when the general operating system 
is applied to a toll road charge collecting system 
and a vehicle operating control system, it is very 
30 dangerous to move the responder for diagnosis to 
the communication area of the interrogator in the 
intervals of passage of a bicycle and a railway 
vehicle to which the responder is attached. Accord- 
ingly, the interrogator can be diagnosed only when 
35 operation of the operating system is stopped. 
Therefore, a diagnostic period of the interrogator is 
increased and it is impossible to cope with break- 
down and damage of the interrogator caused dur- 
ing the operation of the operating system. 
40 Further, it is dangerous for a man to perform a 

diagnostic operation of the interrogator and labor 
cost required for the diagnostic operation is added 
to cost for the operation of the operating system so 
that economical efficiency of the operating system 
45 is reduced. 

In the time-out system used in the above gen- 
eral moving body discriminator, the communication 
time is sufficiently long in an environment in which 
the ID plate is at rest before an antenna. Accord- 
50 ingly, no special problem is caused in this environ- 
ment. However, when the ID plate is moved at a 
high speed, it is necessary to completely perform 
the above processings for a very short communica- 
tion time so that a waiting time for resending com- 
55 mands is useless. Namely, the antenna waits for 
resending of commands until the ID plate com- 
pletely transmits response data. As a result, a time 
required for communication is lengthened so that 
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the ID plate is dislocated from a communication 
range of the antenna before a predetermined com- 
municating operation is completely performed. 

Further, no packet length from the ID plate can 
be increased. Namely, when the ID plate transmits 5 
long response data, the receiving antenna must 
wait for completion of the transmission of the long 
response data even when the receiving antenna 
finds abnormality in a beginning portion of the long 
response data. Accordingly, the communication w 
time at a retrying time is very lengthened. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention /5 
to provide a moving body discriminator in which a 
data processor can be simply connected to a plu- 
rality of controllers and a processing burden of the 
data processor can be reduced and a token cyclic 
period of an antenna can be shortened. 20 

The above object of the present invention can 
be achieved by a moving body discriminator com- 
prising data processing means for outputting a 
communication command; a plurality of control 
means each connected to the data processing 25 
means and inputting the communication command 
outputted from the data processing means and 
outputting a predetermined instruction; a plurality of 
antennas connected and corresponding to the plu- 
ral control means and inputting and outputting the 30 
predetermined instruction outputted from each of 
the corresponding control means; and responding 
means for inputting the predetermined instruction 
by spatial transmission and outputting a specified 
signal to an antenna outputting the predetermined 35 
instruction; the plural control means controlling op- 
erations of the plural antennas such that the plural 
control means sequentially operate the plural an- 
tennas in a predetermined order to communicate 
with the responding means. 40 

In the moving body discriminator, the data pro- 
cessing means may register operating contents 
commanded to the antennas to the antennas and 
the responding means in advance. A series of 
operations between the data processing means, the 45 
antennas and the responding means may be ex- 
ecuted by a register number on a side of the 
responding means. 

In the moving body discriminator, each of the 
antennas may measure a communication time from 50 
reception of an operating command from the data 
processing means to reception of a response from 
the responding means. In this case, each of the 
antennas statistically processes maximum, mini- 
mum and average values of the measured commu- 55 
nication time. Each of the antennas records the 
present, maximum, minimum and average values 
of the communication time calculated in its mea- 



surement and statistical processing and confirms 
an operating state of an operating system. 

In the moving body discriminator, the respond- 
ing means registering an ID code determined for 
diagnosis thereto may be constantly arranged in a 
communication area of the antennas. Each of the 
antennas may issue an operating command adding 
a discriminating code thereto at an arbitrary time 
point during the operation of an operating system 
so as to diagnose signal transmitting and receiving 
functions of each of the antennas. The discriminat- 
ing code designates an operating mode in which 
the responding means having an ID code conform- 
ing to the ID code determined for diagnosis trans- 
mits a response. 

In the moving body discriminator, the respond- 
ing means responsive to only a diagnostic com- 
mand may be constantly arranged in a communica- 
tion area of the antennas: Each of the antennas 
may issue the diagnostic command at an arbitrary 
time point during the operation of an operating 
system so as to diagnose signal transmitting and 
receiving functions of each of the antennas. 

The moving body discriminator may further 
comprise a circuit plate constructed such that the 
circuit plate transmits a resending requirement 
command when it is judged that response data 
received by each of the antennas are abnormal. 

As mentioned above, in the moving body dis- 
criminator of the present invention, the data pro- 
cessing means outputs a communication com- 
mand. Each of the plural control means is con- 
nected to the data processing means and inputs 
the communication command outputted from the 
data processing means and outputs a predeter- 
mined instruction. The plural control means control 
operations of the plural antennas such that the 
plural control means sequentially operate the plural 
antennas in a predetermined order to communicate 
with the responding means. The plural antennas 
are connected to the plural control means and 
correspond to the plural control means and inputs 
and outputs the predetermined instruction output- 
ted from each of the corresponding control means. 
The responding means inputs the predetermined 
instruction by spatial transmission and outputs a 
specified signal to an antenna outputting the pre- 
determined instruction. Accordingly, connection be- 
tween the data processing means and the plural 
control means can be simplified, A processing bur- 
den of the data processing means can be reduced. 
Further, a token cyclic period of the antennas can 
be shortened. As a result, generating probability of 
undetection of a token is reduced when the re- 
sponding means is moved at a high speed. 

In the moving body discriminator, the data pro- 
cessing means registers operating contents com- 
manded to the antennas to the antennas and the 
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responding means in advance. A series of oper- 
ations between the data processing means, the 
antennas and the responding means" is executed 
by a register number on a side of the responding 
means. Accordingly, it is possible to reduce a 
processing time for checking the operating con- 
tents and a message length, between each of the 
antennas and the responding means. As a result, 
an entire operating time of the operating system 
can be shortened. 

In the moving body discriminator, each of the 
antennas measures a communication time from 
reception of an operating command from the data 
processing means to reception of a response from 
the responding means. Each of the antennas statis- 
tically processes maximum, minimum and average 
values of the measured communication time. Each 
of the antennas records the present, maximum, 
minimum and average values of the communication 
time calculated in its measurement and statistical 
processing and confirms an operating state of an 
operating system. Accordingly, operating stability 
of the operating system can be confirmed from the 
present, maximum, minimum and average values 
of the communication time after a communicating 
equipment is operated. 

In the moving body discriminator, the respond- 
ing means registering an ID code determined for 
diagnosis thereto is constantly arranged in a com- 
munication area of the antennas. Each of the anten- 
nas issues an operating command adding a dis- 
criminating code thereto at an arbitrary time point 
during the operation of an operating system so as 
to diagnose signal transmitting and receiving func- 
tions of each of the antennas. The discriminating 
code designates an operating mode in which the 
responding means having an ID code conforming 
to the ID code determined for diagnosis transmits a 
response. Accordingly, no man is required for ex- 
ecution of the diagnostic operation and the di- 
agnostic operation can be performed at an arbitrary 
time point during the operation of the operating 
system. Further, the diagnostic operation can be 
performed for a short period. 

In the moving body discriminator, the respond- 
ing means responsive to only a diagnostic com- 
mand is constantly arranged in a communication 
area of the antennas. Each of the antennas issues 
the diagnostic command at an arbitrary time point 
during the operation of an operating system so as 
to diagnose signal transmitting and receiving func- 
tions of each of the antennas. Accordingly, no man 
is required for execution of the diagnostic operation 
and the diagnostic operation can be performed at 
an arbitrary time point during the operation of the 
operating system. Further, the diagnostic operation 
can be performed for a short period. 



In the moving body discriminator, the circuit 
plate transmits a resending requirement command 
when it is judged that response data received by 
each of the antennas are abnormal. Accordingly, 

5 when the circuit plate is transmitting the response 
data and abnormality is found in data received by 
each of the antennas, the data transmission of the 
circuit plate is immediately stopped and the circuit 
plate can be retried. As a result, the circuit plate 

10 can be retried without causing any time loss when 
abnormality is found in the response data from the 
circuit plate. 

Further objects and advantages of the present 
invention will be apparent from the following de- 
15 scription of the preferred embodiments of the 
present invention as illustrated in the accompany- 
ing drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the construc- 
tion of a moving body discriminator in accor- 
dance with a first embodiment of the present 
invention; 

Fig. 2 is a flow chart for explaining data treat- 
ment processes of a data processor arranged in 
the moving body discriminator shown in Fig. 1; 
Fig. 3 is an explanatory view showing one exam- 
ple of messages in the moving body discrimina- 
tor shown in Fig. 1 ; 

Fig. 4 is a block diagram showing one construc- 
tional example of a controller arranged in the 
moving body discriminator shown in Fig. 1; 
Fig. 5 is a view for explaining data processings 
of the moving body discriminator shown in Fig. 
i; 

Fig. 6 comprising Figs. 6(i) and 6(ii) is a block 
diagram showing one constructional example of 
a responder arranged in a moving body dis- 
criminator in accordance with a second embodi- 
ment of the present invention; 
Fig. 7 comprising Figs. 7(i) and 7(ii) is a view for 
explaining functions of the responder shown in 
Fig. 6; 

Fig. 8 is a view for explaining data processings 
of the moving body discriminator in the second 
embodiment of the present invention; 
Fig. 9 is a view for explaining another data 
processing of the moving body discriminator in 
the second embodiment of the present inven- 
tion; 

Fig. 10 is a view for explaining another process- 
ing of the moving body discriminator in the 
second embodiment of the present invention; 
Fig. 11 is a flow chart for explaining the opera- 
tion of an interrogator shown in Fig. 8; 
Fig. 12 is a flow chart for explaining the opera- 
tion of a responder shown in Fig. 8; 
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Fig. 13 is a flow chart for explaining the opera- 
tion of an interrogator shown in Fig. 9; 
Fig, 14 is a flow chart for explaining the opera- 
tion of a responder shown in Fig. 9; 
Fig. 15 is a view for explaining one processing 5 
example of the responder in the moving body 
discriminator in the second embodiment; 
Fig. 16 is a view for explaining another process- 
. ing example of the responder in the moving 
body discriminator in the second embodiment; w 
Fig. 17 is a view for explaining processings of a 
moving body discriminator in accordance with a 
third embodiment of the present invention; 
Fig. 18 is a flow chart for explaining an opera- 
tion of the moving body discriminator in the third i5 
embodiment; 

Fig. 19 is a view for explaining an operation of 
the moving body discriminator in the third em- 
bodiment; 

Fig, 20 is a flow chart for explaining diagnostic 20 
processings of an interrogator arranged in a 
moving body discriminator in accordance with 
each of fourth and fifth embodiments of the- 
present invention; 

Fig. 21 is a flow chart for explaining the opera- 25 
tion of a responder arranged in the moving body 
discriminator in the fourth embodiment of the 
present invention; 

Fig. 22 is a view for explaining a response of the 
responder to an operating command from the 30 
interrogator in the moving body discriminator in 
the fourth embodiment of the present invention; 
Fig. 23 is an explanatory view showing one 
example of a message for operational designa- 
tion issued from an interrogator arranged in a 35 
moving body discriminator in accordance with a 
fourth embodiment of the present invention; 
Fig. 24 is a view for explaining operational des- 
ignation in the moving body discriminator in the 
fourth embodiment of the present invention; 4o 
Fig. 25 is a flow chart for explaining the opera- 
tion of a responder for diagnosis arranged in a 
moving body discriminator in accordance with a 
fifth embodiment of the present invention; 
Fig. 26 is a flow chart for explaining the opera- 45 
tion of a responder for operations arranged in 
the moving body discriminator in the fifth em- 
bodiment of the present invention; 
Fig. 27 is a view for explaining operations of the 
responders with respect to commands from an 50 
interrogator arranged in the moving body dis- 
criminator in the fifth embodiment of the present 
invention; 

Fig. 28 is an explanatory view showing a di- 
agnostic command issued from the interrogator 55 
in the moving body discriminator in the fifth 
embodiment of the present invention and one 
example of message forms about various kinds 



of commands except for the diagnostic com- 
mand; 

Fig. 29 is a view for explaining a method for 
alternately issuing the diagnostic command and 
the various kinds of commands in the moving 
body discriminator in the fifth embodiment of 
the present invention; 

Fig. 30 is a block diagram showing the construc- 
tion of a circuit plate as a main portion of a 
moving body discriminator in accordance with a 
sixth embodiment of the present invention; 
Fig. 31 is a circuit diagram showing one con- 
structional example of a preamble detecting 
section of the circuit plate shown in Fig. 30; 
Fig. 32 is a view for explaining an operation of 
the circuit plate shown in Fig. 30; 
Fig. 33 is a flow chart for explaining one opera- 
tion of a general moving body discriminator; 
Fig. 34 is a view for explaining the operation of 
the general moving body discriminator; 
Fig. 35 is a view for explaining another operation 
of the general moving body discriminator; 
Fig. 36 is an explanatory view of an operation 
for confirming a communication state between 
an interrogator and a responder arranged in the 
general moving body discriminator; 
Fig. 37 is a flow chart for explaining judgment of 
normality and abnormality in signal transmitting 
and receiving functions of the interrogator in the 
general moving body discriminator; 
Fig. 38 is one view for explaining a half duplex 
transmission system in the general moving body 
discriminator; and 

Fig. 39 is another view for explaining the half 
duplex transmission system in the general mov- 
ing body discriminator. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The preferred embodiments of a moving body 
discriminator in the present invention will next be 
described in detail with reference to the accom- 
panying drawings. 

Fig. 1 is a block diagram showing the construc- 
tion of a moving body discriminator in accordance 
with a first embodiment of the present invention. 

The moving body discriminator shown in Fig. 1 
has a data processor 100 as a data processing 
means for controlling designation of a controller as 
a control means and giving communication com- 
mands to this designated controller. The moving 
body discriminator also has a plurality of controllers 
(#1) 101 to (#N) ION connected to the data proces- 
sor 100 and inputting and outputting the commu- 
nication commands from the data processor 100. 
The moving body discriminator also has question 
antennas 111 to 1 1 N connected and corresponding 
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to the plural controllers (#1) 101 to {#N) 10N and 
inputting and outputting the connnnunication com- 
mands outputted from the corresponding control- 
lers. The moving body discriminator further has a 
responder 120 as a responding means for commu- 
nicating with the question antennas 111 to 1 1N by 
spatial transmission. 

Data treatment processes of the data processor 
in the moving body discriminator shown in Fig. 1 
will next be explained with reference to a flow chart 
(steps Si to S4) shown in Fig. 2. 

Operating commands are first issued to the 
controller of a station number 1 in the step Si. In 
the step S2, other operational processings are ex- 
ecuted. In the step S3, the data processor receives 
a response from the controller of a station number 
X by communication interruption. In the step S4, 
the data processor processes response data so 
that the data treatment processings are terminated. 

An operating state of the data processor on a 
transmission line is normally set to an idle state in 
which no token exists. 

Namely, when communication between the 
data processor 100 and the responder 120 is re- 
quired, the data processor 100 acquires a token 
and designates the controller 101 of a station num- 
ber 1 on this tine in a predetermined message 
form. The data processor 100 then gives commu- 
nication commands between the data processor 
100 and the responder 120 to this controller 101. 

The question antenna 1 1 1 connected to the 
controller 101 of station number 1 starts commu- 
nication with the responder 120. 

An operation of the moving body discriminator 
in this embodiment will next be explained in the 
following two cases A and B. In the case A, an 
antenna receives a response signal from the re- 
sponder within a predetermined number of retries. 
In the case B, no antenna can receive a response 
signal from the responder within a predetermined 
number of retries. 

(A) The case A in which an antenna receives a 
response signal from the responder within a pre- 
determined number of retries 

In this case, a message of contents according 
to the response signal from the responder 120 is 
transmitted onto a serial network. One of the follow- 
ing two Items can be selected by this message by 
using requirements of an operating system. 

(1) "A token is moved to the controller of a 
station number 2." 

(2) "The data processor acquires the token and 
transmits a message in which the token is trans- 
ferred to the controller of an arbitrary station 
number in accordance with necessity." 
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(B) The case B in which no antenna can receive a 
response signal from the responder within a pre- 
determined number of retries 

5 In this case, a message of transferring a token 

to the controller 102 of a station number 2 is 
transmitted onto a serial network. 

Similarly, the token is circulated from the con- 
troller 102 to the controller ION of a final station 

70 number N. 

When a message of transfer of the token is 
transmitted from the controller ION of the final 
station number N, one of the following two items 
can be selected by using requirements of the op- 

15 eratlng system. 

(1) "The controller of station number 1 acquires 
the token." 

(2) "The data processor acquires the token and 
transmits a message in which the token is trans- 

20 ferred to the controller of an arbitrary station 

number in accordance with necessity.'* 
As shown In Fig. 3, the following information 
are Included in a message of the data processor or 
the controller acquiring the token which Is transmit- 
25 ted onto the serial network. 

A header shows beginning of the message, 
A station number shows a number of an op- 
posite station to which the token Is transferred. 

Commands show contents of communication 
30 with the responder, 

A check code is an error check code of the 
message typically provided by a sum check code 
and a CRC code. 

A terminator shows termination of communlca- 

35 tlon. 

Further, in accordance with necessity, the fol- 
lowing information may be added to the above 
message. 

A responder ID code shows designation or 
40 undeslgnation of communication with a specified 
responder. 

Writing data show contents written to a mem- 
ory of the responder. 

An address is an address to be read/written to 
45 the memory of the responder. 

A byte number Is a byte number to be 
read/written to the memory of the responder. 

"A response" instead of the above commands 
Is Inserted into the message from the controller at 
50 a response time of the responder. Further, "token 
transfer" Instead of the above commands is in- 
serted Into the message from the controller at a 
transferring time of the token. 

In the moving body discriminator of the present 
55 invention, the number of question antennas con- 
nected to one controller is not limited to one. The 
moving body discriminator of the present invention 
can be also applied to a case In which a plurality of 
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question antennas are connected to one controller. 
In this case, the controller acquiring the token 
sequentially operates the plural question antennas 
connected to its own station so as to avoid a 
communication obstacle caused by interference 
between adjacent antennas. When a response is 
obtained from the responder by any one of the 
question antennas connected to its own station, a 
message according to response contents of the 
responder is transmitted. In contrast to this, when 
no response is obtained from the responder by any 
one of the question antennas, a message of trans- 
ferring the token to the next station is transmitted. 

As shown in Fig. 1, the data processor 100 is 
bus-connected to the plural controllers 101 to ION 
through a twist pair cable and a coaxial cable. A 
typical bus is RS485 using the twist pair cable. 

It is necessary to avoid a collision between 
signals on lines in a bus-connected serial network. 
In the present invention, this collision is avoided by 
circulating only one token existing on lines. A trans- 
mission system using this method is called a token 
bus system and is widely used in communication 
between devices. 

Roles of the token will next be explained in the 
moving body discriminator of the present invention. 

In the present invention, the token plays the 
role of a transmission right on the serial network 
and also plays the role of a transmission right with 
respect to spatial transmission between a question 
antenna and the responder. 

When it is necessary to arrange a plurality of 
question antennas such that these antennas are 
adjacent to each other, there is a case in which 
signals are interfered with each other when the 
adjacent question antennas are simultaneously op- 
erated. In another case, no normal communication 
can be performed in the responder by radio inter- 
ference of signals from the plural question anten- 
nas. However, in the present invention, the trans- 
mission right on the spatial transmission is pro- 
vided to only a question antenna connected to a 
controller having the transmission right on the 
serial network so that such communication ob- 
stacles are not caused. 

Fig. 4 is a block diagram showing one con- 
structional example of each of the controllers 
shown in Fig. 1. 

A controller shown in Fig. 4 is constructed by a 
signal transmitting-receiving circuit 403, a central 
processing unit (microcomputer) 404, a random 
access memory (RAM) 405, a read only memory 
(ROM) 406 and a signal transmitting-receiving cir- 
cuit 407. The signal transmitting-receiving circuit 
403 is connected to a question antenna 402 for 
receiving a signal such as light, a radio wave, 
electromagnetic coupling (magnetic induction) 
transmitted from a responder 401 by spatial trans- 
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mission. The signal transmitting-receiving circuit 
403 receives the receiving signal of the question 
antenna 402. The central processing unit 404 is 
connected to the signal transmitting-receiving cir- 

5 cuit 403 and controls an operation of each of the 
above constructional portions. The random access 
memory 405 is connected to the central processing 
unit 404 and stores processed results, station num- 
bers, etc. based on programs by the central pro- 

w cessing unit 404. The read only memory 406 is 
connected to the central processing unit 404 and 
stores executed programs, station numbers, etc. by 
the central processing unit 404. The signal trans- 
mitting-receiving circuit 407 is connected to the 

75 central processing unit 404 and outputs the pro- 
cessed results stored to the RAM 405 to a bus 
form serial network 408. 

Namely, in the controller shown in Fig. 4, the 
signal transmitting-receiving circuit 403 is arranged 

20 in relation to the question antenna 402 and the 
signal transmitting-^receiving circuit 407 is arranged 
in relation to the bus form serial network 408. The 
controller shown in Fig. 4 registers its own station 
number to a memory element of the RAM 405 or 

25 the ROM 406. Otherwise, the controller sets its own 
station number by a digital switch, etc. s- 

The bus form serial network 408 shown in Fig, 
4 may be constructed by using a coaxial cable or 
EIA RS485 using a twist pair cable. 

30 Fig. 5 shows transfer of a token on the serial 

network and a spatial transmission line (or a spatial 
channel) in the moving body discriminator shown in 
Fig. 1. 

When communication between the data pro- 
35 cessor 100 and the responder 120 is required, the 
data processor 100 issues commands for starting 
an operation of the controller 101 of station number 
1 onto the serial network. 

The controller 101 of station number 1. inter- 
ne prets these commands as a message addressed to 
its own station and starts communication with the 
responder 120 in accordance with contents of this 
message. 

The controller 101 of station number 1 commu- 
45 nicates with the responder 120 within a range of 
the number of times or a time determined in ad- 
vance by this controller 101 or designated by the 
message. 

Fig. 5 shows a case in which the controller 101 
50 of station number 1 can obtain no response from 
the responder 120 within the range of a predeter- 
mined number of times or a time. In this case, a 
message of transferring the token to the controller 
102 of a station number 2 is issued from the 
55 controller 101 to the serial network. Further, the 
controller 102 of station number 2 can obtain no 
response from the responder 1 20 so that the token 
is transferred from the controller 102 to the control- 
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ler 103 of a station number 3 as one example. 

The controller 103 of station number 3 obtains 
the response from the responder 120 within the 
range of a predetermined number of times or a 
time. Accordingly, communicated results obtained 
by communication between the controller 103 and 
the responder 120 are transmitted from the control- 
ler 103 onto the serial network by designating a 
station number of the data processor 100. 

As mentioned above, the moving body dis- 
criminator in the present invention is operated as 
follows. 

(1) The data processor and the plural controllers 
are connected to each other through a bus form 
serial channel. 

(2) A station number is set in advance to each of 
the controllers. 

(3) A message of giving a transmission right 
(token) with respect to the responder is transmit- 
ted from the data processor to the controller of 
station number 1. 

(4) The controller of station number 1 operates a 
question antenna connected to its own station 
and executes communication with the respond- 
er. 

When no response is obtained from the 
responder by a predetermined number of re- 
tries, the controller of station number 1 transmits 
a message of transferring the token to the con- 
troller of station number 2. 

(5) While the token is similarly circulated, a 
controller succeeding in communication with the 
responder transmits communicated results be- 
tween this controller and the responder to the 
data processor. 

In the serial network of a token bus system, a 
signal collision on the serial network is prevented 
by sequentially circulating the token (the transmis- 
sion right) on the serial network. In the present 
invention, a signal collision in spatial transmission 
can be avoided by providing the transmission right 
on the serial network and providing the transmis- 
sion right with respect to the responder in the 
moving body discriminator. Further, the plural con- 
trollers (question antennas) can be connected to 
one data processor through one serial port thereof. 

In the above embodiment, the following oper- 
ations a, b and c are performed. 

(a) "Simplification of connection between the data 
processor and the plural controllers" 

In the bus form serial network, the data proces- 
sor and the controllers can be connected to each 
other by a multidrop system as a daisy chain 
system so that a wiring system is simplified. 
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(b) "Reduction in processing burden of the data 
processor" 

The token functions as a transmission right on 
5 the serial network and also functions as a transmis- 
sion right with respect to the responder. This token 
is circulated between the controllers after the token 
is transmitted to the controller of station number 1. 
The data processor can execute other processing 
10 operations until the data processor receives in- 
terruption of communicated results from a control- 
ler succeeding in communication with the respond- 
er. 

15 (c) "Shortening of a token cyclic period of the 
interrogator" 

The token is sequentially circulated between 
the controllers without the data processor. There- 
20 fore, a period for obtaining the token by the inter- 
rogator is shortened. 

Accordingly, generating probability of undetec- 
tion of the token is reduced when the responder is 
moved at a high speed. 
25 A moving body discriminator in accordance 

with a second embodiment of the present invention 
will next be explained. 

A function and a construction of the moving 
body discriminator in this second embodiment will 
30 first be explained with reference to Figs. 6 and 7. 

As shown in Fig. 6, a responder 601 has a 
semiconductor memory element 602, a commu- 
nication-control memory-control section 603 and a 
noncontact transmitting-receiving functional section 
35 604. 

A question antenna 605 constitutes one portion 
of an interrogator communicating with the respond- 
er 601 by a noncontact communicating medium. 
The question antenna 605 has a noncontact trans- 

40 mitting-receiving functional section 606 and a com- 
munication control section 607. A controller 608 
constitutes another portion of the interrogator and 
communicates with the question antenna 605 
through wires. The controller 608 has a commu- 

45 nication control section 609, a control functional 
section 610 and a host interface 61 1. 

A data processor 612 communicates with the 
controller 608 through buses and wires. The data 
processor 612 has functions of a personal com- 

50 puter, a programmable controller, etc. 

Fig. 7 shows one example of a hard construc- 
tion of the moving body discriminator for fulfilling 
the above functions shown in Fig. 6. 

In Fig. 7, a responder 701 is constructed by an 

55 antenna 702, an amplifying section 703, a de- 
modulating section 704, a modulating section 705, 
an SP/PS converting section 706. a CPU 707, a 
RAM 708 and a power source 709. The amplifying 
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. section 703 is connected to the antenna 702 and 
amplifies one portion of a signal received by the 
antenna 702. The demodulating section 704 is con- 
nected to the amplifying section 703 and demodu- 
lates a signal amplified by the amplifying section 5 
703. The modulating section 705 is connected to 
the antenna 702 and transmits the modulated sig- 
nal to the antenna 702. The SP/PS converting 
section 706 is connected to the demodulating sec- 
tion 704 and the modulating section 705 and con- io 
verts a serial signal to a parallel signal, or converts 
the parallel signal to the serial signal. The CPU 707 
is connected to the SP/PS converting section 706 
and includes a ROM. The CPU 707 processes and 
outputs a signal outputted from the SP/PS convert- ;5 
ing section 706. The RAM 708 is connected to the 
CPU 707 and stores the signal processed by the 
CPU 707. The power source 709 is formed by a 
battery, etc. 

In Fig. 7, a question antenna 710 is constructed 20 
by an antenna 711, an amplifying section 712, a 
demodulating section 713, a PS converting section 
714, an oscillating section 715, a modulating sec- 
tion 716, an amplifier 717 and a power source 718. 
The antenna 71 1 communicates with the antenna 25 
702 of the responder 701 through a noncontact 
communicating medium. The amplifying section 
712 is connected to the antenna 711 and amplifies 
a signal inputted to the antenna 711. The de- 
modulating section 713 is connected to the am- 30 
plifying section 712 and demodulates a signal am- 
plified by the amplifying section 712. The PS con- 
verting section 714 is connected to the demodulat- 
ing section 713 and converts a signal demodulated 
by the demodulating section 713 from a parallel 35 
signal to a serial signal. The oscillating section 715 
oscillates a signal. The modulating section 716 is 
connected to the PS converting section 714 and 
the oscillating section 715. The modulating section 
716 modulates a signal converted by the PS con- 4o 
verting section 714 from the parallel signal to the 
serial signal by oscillating this converted signal 
using the oscillating section 715, The amplifier 717 
is connected to the modulating section 716 and 
amplifies a signal modulated by the modulating 45 
section 716. The power source 718 supplies each 
of an alternating current and a direct current 
(AC/DC) to the question antenna 710. 

In Fig. 7, a controller 719 is constructed by an 
SP converting section 720, a CPU 721, a RAM 722, 50 
a ROM 723, a host interface control section 724 
and a power source 725. The SP converting sec- 
tion 720 is connected to the PS converting section 
714 of the question antenna 710 and converts the 
output signal of the PS converting section 714 from 55 
a serial signal to a parallel signal. The CPU 721 is 
connected to the SP converting section 720 and 
controls a signal outputted from the SP converting 
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section 720. The RAM 722 is connected to the 
CPU 721 and stores a signal outputted from the 
CPU 721. The ROM 723 is connected to the CPU 
721 and stores a program used in the CPU 721. 
The host interface control section 724 is connected 
to the CPU 721 and controls the operation of an 
interface based on an operation of the CPU 721. 
The power source 725 is connected to the power 
source 718 of the question antenna 710 and sup- 
plies each of an alternating current and a direct 
current (AC/DC) to the controller 719. 

An operation of the moving body discriminator 
in this embodiment will next be explained with 
reference to Figs. 8 to 14. 

As shown in Figs. 8 to 14, when an interrogator 
receives a register number as operational com- 
mands from a data processor such as a personal 
computer, a programmable controller, etc., the in- 
terrogator sets this register number to an indicating 
command ® and transmits this command to the 
responder. 

When the responder has received this com- 
mand (V) , the responder reads operating contents 
such as an operating code from a RAM registered 
to the register number of the command (T) . After 
this reading operation, the responder sets read 
results to a response (2) and transmits this re- 
sponse to the interrogator. 

When the interrogator has received this re- 
sponse @, the interrogator checks a transmission 
error in this response. Thereafter, the interrogator 
transfers checked and operating results to the data 
processor. When the data processor has received 
these checked and operating results, a series of 
operations has terminated. 

Each of the above processings of the moving 
body discriminator will next be explained with refer- 
ence to flow charts shown in Figs. 11 to 14. 

Processings of the interrogator shown In Fig. 8 
will first be explained with reference to the flow 
chart shown in Fig. 1 1 . 

In a first step 1101, it is judged whether there 
is a command from the data processor or not. 
When it is judged in the step 1101 that there is no 
command from the data processor, the interrogator 
attains a standby state until the interrogator re- 
ceives a command from the data processor. In 
contrast to this, when it is judged in the step 1101 
that there is a command from the data processor, 
the interrogator checks contents of this command 
in a step 1 102 and judges whether these command 
contents are correct or not. When the command 
contents are incorrect, it is returned to the above 
step 1101. In contrast to this, when the command 
contents are correct in the step 1102, operating 
contents and a register number are written to the 
interrogator in a step 1103. The operating contents 
are set to a writing command ® as data and the 
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register number is set to tinis writing command ® 
as a range in a step 1104. The interrogator trans- 
mits this writing command ® in a step 1105. 

Subsequently, it is judged in a step 1106 
whether there is reception of a response (2) or not. 
When it is judged in the step 1106 that there is no 
reception of the response (2), '\t \s further judged in 
a step 1 107 whether it is time-out or not. When it is 
judged in the step 1107 that it is time-out, it is 
returned to the above step 1105. In contrast to this, 
when it is judged in the step 1107 that it is not 
time-out, it is returned to the above step 1 106. 

When it is judged in the step 1 106 that there is 
reception of the response @ , the interrogator 
checks a transmission error in this response in a 
step 1108 and judges whether this response is 
correct or not. When it is judged in the step 1108 
that there is a transmission error in the response ® 
, it is returned to the above step 1105. In contrast 
to this, when it is judged in the step 1 108 that there 
is no transmission error in the response © , the 
interrogator sets registered results in a step 1109 
and transfers the registered results to the data 
processor in a step 1110. 

Processings of the responder shown in Fig. 8 
will next be explained with reference to the flow 
chart shown in Fig. 12. 

In a first step 1201, it is judged whether there 
Is reception of a command ® or not. When it is 
judged in the step 1201 that there is no reception 
of the command ® , the responder attains a 
standby state until the responder receives the com- 
mand ®. In contrast to this, when it is judged in 
the step 1201 that there is reception of the com- 
mand ® , the responder checks a transmission 
error in the command ® in a step 1202 and 
judges whether this command is correct or not. 
When it is judged in the step 1202 that there is a 
transmission error in the command ® , it is re- 
turned to the above step 1201. In contrast to this, 
when it is judged in the step 1202 that there is no 
transmission error in the command ® , the re- 
sponder checks message contents of this com- 
mand in a step 1203. When it is judged in the step 
1203 that no message contents are good, it is 
returned to the above step 1201. In contrast to this, 
when it is judged in the step 1203 that the mes- 
sage contents are good, operating contents are 
written to a commanded register number region in 
a step 1204 and the responder transmits a re- 
sponse © in a step 1205. 

Processings of the interrogator shown in Fig. 9 
will next be explained with reference to the flow 
chart shown in Fig. 13. 

In a first step 1301, it is judged whether there 
is an operating command from the data processor 
or not. When it is judged in the step 1301 that 
there is no operating command from the data pro- 
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cessor, the interrogator attains a standby state until 
the interrogator receives an operating command. In 
contrast to this, when it is judged in the step 1301 
that there is an operating command from the data 

5 processor, a register number is set to a command 
® in a step 1302. In a step 1303, the interrogator 
transmits this command ® . In a step 1304. it is 
judged whether there is reception of a response (2) 
. When it is judged in the step 1304 that there is no 

10 reception of the response @ . the interrogator 
judges in a step 1305 whether it is time-out or not. 
When it is judged in the step 1305 that it is time- 
out, it is returned to the above step 1303. In 
contrast to this, when it is judged in the step 1305 

75 that it is not time-out. it is returned to the above 
step 1304. 

When It Is judged in the step 1304 that there is 
reception of the response @ , the interrogator 
checks a transmission error in the response @ in a 

20 step 1306 and judges whether this response is 
correct or not. When it is judged in the step 1306 
that there is a transmission error in the response @ 
, it is returned to the above step 1303. In contrast 
to this, when it is judged in the step 1306 that there 

25 is no transmission error in the response (5), operat- . 
ing results are set to the interrogator in a step 1307 
and are transferred to the data processor in a step 
1308- 

Processings of the responder shown in Fig. 9 

30 will next be explained with reference to the flow 
chart shown in Fig. 14. 

In a first step 1401, it is judged whether there 
is reception of a command ® or not. When it is 
judged in the step 1401 that, there is no reception 

35 of the command ® , the responder attains a 
standby state until the responder receives the com- 
mand ®. In contrast to this, when it is judged in 
the step 1401 that there is reception of the com- 
mand ® , the responder checks a register number 

40 in a step 1402 and judges whether the register 
number is correct or not. When it is judged in the 
step 1402 that no register number is good, it is 
returned to the above step 1401. In contrast to this, 
when it is judged in the step 1402 that the register 

45 number is good, an operation of the responder is 
executed in a step 1403 and the responder trans- 
mits a response @ in a step 1404. 

A reading operation of the moving body dis- 
criminator will next be explained with reference to 

50 Figs. 15 and 16 as one example in which data of 
10 bytes are read from an address 0000(H) in a 
data region of the responder. 

Before the responder is operated, an operating 
code 01 (as a reading code), a top address 0000- 

55 (H) and a byte number 10 are registered to a 
region for a register number 1 of the responder. 
The operating code 01 (as reading), the top ad- 
dress 0000(H), the byte number 10 and the register 
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number 1 of the responder are registered to the 
interrogator. 

When the interrogator receives the register 
number 1 as an operating command from the data 
processor, the interrogator sets the register number 
1 to a command (J) for commanding an operation 
of the responder and transmits this command to 
the responder. When the responder has received 
this command (T) , the responder reads operating 
contents set to the register number 1 of the com- 
mand ® . These operating contents include that 
data of 10 bytes are read from the data address 
0000(H). After the responder has read the data of 
10 bytes from the data address 0000(H). the re- 
sponder sets these data to a response (2) and 
adds a code for detecting a transmission error to 
this response. Then, the responder transmits the 
response (D having this code to the interrogator. 

When the interrogator has received this re- 
sponse @. the interrogator checks a transmission 
error in the response (2). Thereafter, the interroga- 
tor knows from the register number of the response 
(2) that the interrogator has received the data of 10 
bytes from the data address 0000(H) of the re- 
sponder. Then, the interrogator transfers these data 
to the data processor. When the data processor 
has received the data of 10 bytes as operating 
results from the data address 0000(H) of the re- 
sponder, the reading operation of the moving body 
discriminator is terminated. 

In the above embodiment, operating contents 
for giving commands from the data processor to 
the interrogator are registered to the interrogator 
and the responder in advance. A series of oper- 
ations between the data processor, the Interrogator 
and the responder is executed by a register num- 
ber on a responder side. Thus, it is possible to 
reduce a processing time for checking the operat- 
ing contents and, a message length between the 
interrogator and the responder so that an operating 
time of the entire operating system can be re- 
duced. Accordingly, the present invention can be 
applied to fields such as railway and traffic services 
in which high speed processings are required be- 
tween the interrogator and the responder. . 

A moving body discriminator in accordance 
with a third embodiment of the present invention 
will next be explained with reference to Figs. 17 to 
19. 

Fig. 19 will first be explained with reference to 
a flow chart shown in Fig. 18. 

In a step 1801, it is judged whether there is an 
operating command from the data processor or not. 
When it is judged in the step 1801 that there is no 
operating command from the data processor, the 
interrogator attains a standby state until the inter- 
rogator receives an operating command. In contrast 
to this, when it is judged in the step 1801 that there 



is an operating command from the data processor, 
the interrogator checks contents of the operating 
command in a step 1802 and judges that these 
command contents are correct or not. When the 

5 command contents are not correct, it is returned to 
the above step 1801. In contrast to this, when the 
command contents are correct in the step 1802, a 
command ® is set to the responder in a step 1803 
and the interrogator starts the timer and the com- 

10 mand (T) is transmitted in a step 1804. 

In a step 1805, it is judged whether there is 
reception of a response (2) or not. When it is 
judged in the step 1805 that there is no reception 
of the response (2) , it is judged in a step 1806 

15 whether it is time-out or not. When it is judged in 
the step 1806 that it is time-out, it is returned to the 
above step 1804. In contrast to this, when it is 
judged in the step 1806 that it is not time-out, it is 
returned to the above step 1805. 

20 When it is judged in the step 1805 that there is 

reception of the response (2) , the interrogator 



checks a transmission error in the response @ in a . 
step 1807 and judges whether this response is ^. § 

correct or not. When it is judged in the step 1807 - 

25 that there is a transmission error in the response (2) 1 
, it is returned to the above step 1804. In contrast • ?i 

to this, when it is judged in the step 1807 that there ^ 
is no transmission error in the response (2) . the 
operation of a timer arranged in the interrogator is <*i 

30 stopped in a step 1808 and a communication time 3 
is registered as the present value in a step 1809. A I 
maximum value, a minimum value and an average v 4 



value of the communication time are calculated and 
registered by statistical processing in a step 1810. 

35 In a step 1811, operating results for the data pro- 
cessor are set and transmitted. 

As mentioned above, when the interrogator re- 
ceives an operating command from the data pro- 
cessor, the interrogator starts the timer to measure 

40 a communication time Tt between the interrogator 
and the responder. The interrogator then transmits 
the operating command ® to the responder. The 
responder executes its operation by receiving the 
operating command (T)- After the operation of the 

45 responder has been executed, the responder trans- 
mits an operating response (2) as a result to the 
interrogator. When the interrogator has received 
the operating response (2). the interrogator judges 
this response as; completion of communication if 

50 there is no transmission error in the operating 
response (2) ■ Thus, the interrogator stops the 
operation of the timer and reads the communica- 
tion time Ti . The interrogator registers the commu- 
nication time Ti as the present value. As shown in 

55 Fig. 19, the interrogator calculates maximum, mini- 
mum and average values of the communication 
time. Further, the interrogator registers recent ten 
time amounts of historical data. Finally, data results 
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are transferred from the interrogator onto a data 
processing side so that predetermined operations 
are terminated. The present value, the maximum, 
minimum and average values of the communication 
time, etc. are registered to a RAM of the interroga- 
tor. A backup of the RAM of the interrogator is 
provided by using a battery so as not to erase 
memory contents from the RAM. Otherwise, the 
RAM is constructed by using an EEPROM. 

The data processor reads historical data includ- 
ing the maximum, minimum and average values 
and the present value of the communication time 
registered to a controller. The data processor com- 
pares this communication time with a target com- 
munication time for normally terminating commu- 
nication without retrying any commands. Thus, the 
data processor investigates a communicating state 
and a communicating environment between the 
interrogator and the responder. 

Accordingly, in the above embodiment, it is 
possible to measure a communication time until the 
interrogator receives a response of the responder 
after the interrogator has received the operating 
command from the data processor. The interroga- 
tor calculates maximum, minimum and average val- 
ues of the measured communication time by statis- 
tical processing. 

Data (the present time, the maximum, mini- 
mum and average values of the communication 
time) calculated by the communication time mea- 
surement and the statistical processing can be 
registered to the interrogator by its function at any 
time while the operating system is operated. When 
a user requires these data, an operating state of 
the operating system can be easily confirmed. 

As a result, when necessary, the user can 
externally confirm the communication time only 
between the interrogator and the responder which 
does not include a processing time between the 
data processor and the interrogator. In this case, 
the user can confirm this communication time with 
the same accuracy without any burden of the user. 

Accordingly, it is possible to confirm operating 
stability of the operating system from the present 
value, the maximum, minimum and average values 
of the communication time after a communicating 
equipment has been operated. Further, after the 
communicating equipment rises, it is effective to 
hold the operation of the communicating equipment 
and adjust the relation in position between antenna 
plates, 

A moving body discriminator in accordance 
with a fourth embodiment of the present invention 
will next be explained with reference to Figs. 20 to 
24. 

Fig. 20 shows a diagnostic processing flow of 
an interrogator arranged in the moving body dis- 
criminator in the fourth embodiment. 



In a first step 2001, communication between 
the interrogator and a responder for diagnosis is 
executed. In a step 2002, the interrogator judges 
whether diagnostic results are normal or not. When 
5 it is judged in the step 2002 that the diagnostic 
results are abnormal, the interrogator is repaired, 
etc. in a step 2003 and operating processings of 
the interrogator are performed in a step 2004. In 
contrast to this, when it is judged in the step 2002 
10 that the diagnostic results are normal, it directly 
proceeds to the step 2004 and the operating pro- 
cessings of the interrogator are performed. 

Namely, in the diagnostic processing flow 
shown in Fig. 20, it is not necessary to confirm 
75 existence and nonexistence of a responder for op- 
erations and arrange and remove the responder for 
diagnosis in comparison with diagnostic proces- 
sings of the interrogator in the general technique. 
An operation of each of the responders for 
20 diagnosis and operations will next be explained 
with reference to a flow chart shown in Fig. 21. 

In a first step 2101, it is judged whether there 
is a receiving signal or not. When it is judged in the 
step 2101 that there is no receiving signal, the 
25 responder attains a standby state until the respond- 
er receives a receiving signal. In contrast to this, 
when it is judged in the step 2101 that there is a 
receiving signal, an operating mode is judged in a 
step 2102. When it is judged in the step 2102 that 
30 the operating mode is a conformity operating 
mode, it is further judged in a step 2103 whether 
ID codes are in conformity with each other. When it 
is judged in the step 2103 that no ID codes are in 
conformity with each other, it is returned to the 
35 above step 2101. In contrast to this, when it is 
judged in the step 2103 that the ID codes are in 
conformity with each other, the responder transmits 
a response signal in a step 2105. When it is judged 
in the above step 2102 that the operating mode is 
40 a nonconformity operating mode, it is further 
judged in a step 2104 whether no ID codes are in 
conformity with each other. When it is judged in 
the step 2104 that the ID codes are in conformity 
with each other, it is returned to the above step 
45 2101. In contrast to this, when it is judged in the 
step 2104 that no ID codes are in conformity with 
each other, it proceeds to the step 2105 and the 
responder transmits the response signal. 

As shown by the flow chart in Fig. 21, when an 
50 operating mode designating code added to an op- 
erating command issued from the interrogator 
shows a "conformity time operation", the respond- 
er transmits a response when an ID code added to 
the operating command is in conformity with an ID 
55 code registered to the responder. 

When the operating mode designating code 
added to the operating command issued from the 
interrogator shows a "nonconformity time opera- 
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tion", the responder transmits a response when no 
ID code added to the operating connmand is in 
conformity with the ID code registered to the re- 
sponder. 

Fig. 22 shows existence and nonexistence of 
the response of the responder to the operating 
command from the Interrogator every operating 
mode. 

The ID code registered to the responder is 
recorded to a ROM and a RAM (a backup by a 
battery) built in the responder before the operating 
system is operated. 

An operation of the interrogator will next be 
explained with reference to Figs. 23 and 24. 

Fig. 23 shows one example of a message form 
of the operating command issued from the inter- 
rogator. 

As shown in Fig. 23, an operating mode des- 
ignating code and an ID code are added to this 
message. The operating mode designating code 
designates whether the responder is operated at a 
conformity or nonconformity time of ID codes. 

A diagnostic operation of the interrogator is 
executed irrespective of existence and nonex- 
istence of the responder for operations. However, it 
is necessary to consider that no problems are 
caused by the diagnostic execution in communica- 
tion between the interrogator and the responder for 
operations as an original object of the operating 
system. When the responder for operations ap- 
proaches a communication area of the interrogator 
during the diagnostic execution, it is necessary to 
secure original connmunication of the operating 
system between the interrogator and the responder 
for operations untif the diagnostic operation is ter- 
minated. This problem can be solved by setting a 
period for issuing the operating command for di- 
agnosis "after a constant time has passed after 
completion of communication between the inter- 
rogator and the responder for operations," "at a 
time point at which passage of an object attaching 
the responder for operations thereto by a pho- 
toelectric sensor, etc. is detected," etc. 

As shown in Fig. 24, when a communication 
processing speed of the moving body discriminator 
is set to be sufficiently high with respect to a 
moving speed of the object attaching the responder 
for operations thereto, this problem can be also 
solved by a method for alternating issuing operat- 
ing commands for diagnosis and operations. 

Accordingly, in the above embodiment, the re- 
sponder having a registered ID code determined 
for diagnosis is constantly arranged in the commu- 
nication area of the interrogator. The interrogator 
issues an operating command adding a dis- 
criminating code thereto at an arbitrary time point 
while the operating system is operated. This dis- 
criminating code designates an operating mode in 



which the responder having an ID code conforming 
to the ID code determined for diagnosis transmits a 
response. Thus, it is possible to diagnose signal 
transmitting and receiving functions of the inter- 
5 rogator. As a result, no man is required for execu- 
tion of the diagnostic operation so that danger can 
be avoided and economical efficiency of the mov- 
ing body discriminator is improved. Further, the 
signal transmitting and receiving functions of the 

10 interrogator can be diagnosed at an arbitrary time 
point during the operation of the operating system. 
Accordingly, the diagnostic operation can be per- 
formed for a short period so that breakdown of the 
interrogator and existence of an obstacle can be 

75 rapidly detected. 

A moving body discriminator in accordance 
with a fifth embodiment of the present invention will 
next be explained with reference to Fig. 20 used in 
the above fourth embodiment and Figs, 25 to 29. 

20 Fig. 20 shows a diagnostic processing flow of 

an interrogator arranged in the moving body dis- 
criminator in the fifth embodiment. Contents of this 
diagnostic processing flow are already described 
above. Therefore, an explanation of these contents 

25 is omitted in the following description. 

In this embodiment, it is not necessary to con- 
firm existence and nonexistence of a responder for 
operations and arrange and remove a responder for 
diagnosis in comparison with diagnostic proces- 

30 sings of the interrogator in the general technique. - 
An operation of each of the responders in this 
fifth embodiment will next be explained with refer- 
ence to Figs. 25 and 26. 

Fig. 25 is a flow chart showing the operation of 

35 the responder for diagnosis. 

In a first step 2501, it is judged whether there 
is a receiving signal or not. When it is judged in the 
step 2501 that there is no receiving signal, the 
responder attains a standby state until the respond- 

40 er receives a receiving signal. In contrast to this, 
when it is judged in the step 2501 that there is a 
receiving signal, the responder judges in a step 
2502 whether it is a diagnostic command or not. 
When it is judged in the step 2502 that it is not a 

45 diagnostic command, it is returned to the above 
step 2501. In contrast to this, when it is judged in 
the step 2502 that it is a diagnostic command, the 
responder transmits a response signal in a step 
2503- 

50 As shown by the flow chart in Fig. 25, the 

responder transmits the response signal with re- 
spect to the diagnostic command issued from the 
interrogator, but does not transmit any response to 
various kinds of commands except for the diagnos- 

55 tic command. 

Fig. 26 is a flow chart showing an operation of 
the responder for operations. 
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In a first step 2601, it is judged vyhether there 
is a receiving signal or not. When it is judged in the 
step 2601 that there is no receiving signal, the 
responder attains a standby state until the respond- 
er receives a receiving signal. In contrast to this, 
when it is judged in the step 2601 that there is a 
receiving signal, the responder judges in a step 
2602 whether it is an operating command except 
for a diagnostic command. When it is judged in the 
step 2602 that it is not this operating command, it 
is returned to the above step 2601. In contrast to 
this, when it is judged in the step 2602 that it is the 
operating command, the responder transmits a re- 
sponse signal in a step 2603. 

As shown by the flow chart in Fig. 26, the 
responder does not transmit any response signal 
with respect to the diagnostic command issued 
from the interrogator, but transmit a response to 
various kinds of commands except for the diagnos- 
tic command. 

Fig. 27 shows existence and nonexistence of 
responses of the above two kinds of responders 
with respect to commands from the interrogator. 

The responders for operations and diagnosis 
may be separately designed. Otherwise, these re- 
sponders can be made by the same design and 
can be set in fields by a method for registering 
discriminating codes for operations and diagnosis 
to a ROM and a RAM (a backup by a battery) built 
in the responders. 

Fig. 28 shows one example of message forms 
of a diagnostic command issued from the inter- 
rogator and various kinds of commands except for 
the diagnostic command- 

The diagnostic command is issued from the 
interrogator irrespective of existence and nonex- 
istence of the responder for operations. However, it 
is necessary to consider that no problems are 
caused by executing a diagnostic operation in 
communication between the interrogator and the 
responder for operations as an original object of 
the operating system. When the responder for op- 
erations approaches a communication area of the 
interrogator during the diagnostic execution, it is 
necessary to secure original communication of the 
operating system between the interrogator and the 
responder for operations until the diagnostic opera- 
tion is terminated. This problem can be solved by 
setting a period for issuing the diagnostic com- 
mand "after a constant time has passed after com- 
pletion of communication between the interrogator 
and the responder for operations." "at a time point 
at which passage of an object attaching the re- 
sponder for operations thereto by a photoelectric 
sensor, etc. is detected," etc. 

As shown in Fig. 29, when a communication 
processing speed of the moving body discriminator 
is set to be sufficiently high with respect to a 



moving speed of the object attaching the responder 
for operations thereto, this problem can be also 
solved by a method for alternating issuing the 
diagnostic command and various kinds of com- 
5 mands. 

Accordingly, in the above embodiment, the re- 
sponder responsive to only the diagnostic com- 
mand is constantly arranged in the communication 
area of the interrogator. The interrogator issues the 
10 diagnostic command at an arbitrary time point 
while the operating system is operated. Thus, it is 
possible to diagnose signal transmitting and receiv- 
ing functions of the interrogator. As a result, no 
man is required for execution of the diagnostic 
7 5 operation so that danger can be avoided and eco- 
nomical efficiency of the moving body discriminator 
is improved. Further, the signal transmitting and 
receiving functions of the interrogator can be di- 
agnosed at an arbitrary time point during the op- 
20 eration of the operating system. Accordingly, the 
diagnostic operation can be performed for a short 
period so that breakdown of the interrogator and 
existence of an obstacle can be rapidly detected. 
Fig. 30 is a block diagram showing the circuit 
25 construction of a circuit plate as a main portion of a 
moving body discriminator in accordance with a 
sixth embodiment of the present invention. 

In Fig. 30, the circuit plate is constructed by an 
antenna 300 for receiving a signal, a demodulating 
30 section 301. a preamble detecting section 302, a 
central processing unit (GPU) 303. a memory 304. 
a modulating section 305 and a transmitting an- 
tenna 306. The demodulating section 301 is con- 
nected to the antenna 300 for receiving a signal 
35 and demodulates the signal received by this an- 
tenna 300. The preamble detecting section 302 is 
connected to the demodulating section 301 and 
detects a preamble of a signal demodulated by the 
demodulating section 301. The central processing 
40 unit (CPU) 303 is connected to the demodulating 
section 301 and the preamble detecting section 
302. Signals outputted from the demodulating sec- 
tion 301 and the preamble detecting section 302 
are inputted to the central processing unit 303. The 
45 central processing unit 303 controls outputs of 
these signals. The memory 304 is connected to the 
CPU 303 and stores a signal outputted from the 
CPU 303. The modulating section 305 is connected 
to the CPU 303 and modulates a signal outputted 
50 from the CPU 303. The transmitting antenna 306 is 
connected to the modulating section 305 and trans- 
mits a signal modulated by the modulating section 
305. 

Fig. 31 is a circuit diagram showing one con- 
55 structional example of the above preamble detect- 
ing section 302. 

The preamble detecting section 302 shown in 
Fig. 31 is constructed by an input terminal (IN) 310, 
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a diode 311. a resistor (R) 313, a resistor (R) 312, a 
capacitor (C) 314 and an output terminal (OUT) 
315. An input terminal of the diode 311 is con- 
nected to the input terminal (IN) 310. One end of 
the resistor (R) 313 is connected to the input 
terminal (IN) 310. One end of the resistor (R) 312 is 
connected to an output terminal of the diode 311. 
One end of the capacitor (C) 314 is connected to 
the other ends of the resistors 312 and 313. The 
other end of the capacitor 314 is connected to the 
ground. The output terminal (OUT) 315 is con- 
nected to the other ends of the resistors 312 and 
313 and one end of the capacitor 314. 

An operation of the circuit plate shown in Fig. 
30 will next be explained. 

A mark for stopping signal transmission is 
transmitted from the antenna 300 for receiving a 
signal. This mark is inputted to a signal receiving 
port of the CPU 303 as a serial input port and the 
preamble detecting section 302 as a mark detect- 
ing section through the demodulating section 301. 
Wtien the circuit plate is transmitting a signal, this 
mark inputted to the signal receiving port of the 
CPU 303 is neglected. In contrast to this, the mark 
inputted to the preamble detecting section 302 is 
transmitted to an interruption port of the CPU 303 
for stopping signal transmission by capacitor-resis- 
tor (OR) discharge of the preamble detecting sec- 
tion 302. The CPU 303 stops transmission of a 
response by receiving this mark as an interruption 
and an operating state of the CPU 303 is changed 
to a standby state in which the CPU 303 can 
receive a signal. 

The receiving antenna 300 receives data from 
the circuit plate, but a receiving state of the receiv- 
ing antenna 300 is switched to a mark transmitting 
state for transmitting the mark at a stage at which 
abnormality is found in these data. The mark is 
received by the circuit plate with the above-men- 
tioned contents so that transmission of the re- 
sponse is stopped. 

These communicating procedures are con- 
trolled by software of a controller connected to the 
antenna. Fig. 32 shows a chart of communicating 
operations as one example of this control. 

In Fig. 32, reference numeral ® shows that 
signal transmission of the circuit plate is stopped 
by the mark since abnormality is caused in a first 
communication. Reference numeral (2) shows that 
the circuit plate is immediately retried. Fig. 32 
shows an example in which the circuit plate is 
retried at a high speed by a time T as a time-out 
waiting time on an antenna side. 

In this embodiment, when the antenna trans- 
mits the mark for stopping signal transmission, the 
circuit plate detects this mark by hardware and this 
mark is processed by the CPU within the circuit 
plate. 



When the circuit plate transmits data, the an- 
tenna transmits a carrier called an unmodulated 
wave. The circuit plate performs a reflecting type 
modulation in which this carrier is modulated by 
5 data and is reflected. 

The above circuit plate can immediately trans- 
mit a resending requirement command at a stage 
at which the circuit plate judges that response data 
received by the antenna are abnormal. Namely, the 

JO circuit plate is constructed such that a pseudo-full 
duplex transmission system is executed on a half 
duplex channel. 

Accordingly, in the above embodiment, when 
the circuit plate is transmitting the response data 

75 and abnormality is found in data received by the 
antenna, the signal transmission of the circuit plate 
is immediately stopped and the circuit plate can be 
retried so that a retrying period can be shortened. 
Namely, the circuit plate can be retried without 

20 causing any time loss when abnormality is found in 
the response data from the circuit plate. This con- 
struction can be also applied to an object moving 
at a high speed. Further, when the moving body 
discriminator communicates with a moving body, 

25 the operating system is constructed in consider- 
ation of a worst situation such that the circuit plate 
can be sufficiently retried plural times. Accordingly, 
when -a retrying time is shortened, a communicable 
moving speed of the moving body is increased as 

30 a result. Further, a packet length of the response 
data can be increased in comparison with the gen- 
eral case. This is because the circuit plate can be 
retried at a stage at which abnormality is found in 
the response data from the circuit plate even when 

35 the response data are long. 

The above moving body discriminator in the 
present invention can be used in all operating 
systems using the moving body discriminator. In 
particular, the moving body discriminator of the 

40 present invention can be effectively used in an 
operating system in which serious troubles are 
caused in operations of this operating system when 
communication between the interrogator and the 
responder is disabled by breakdown of the inter- 

45 rogator and an obstacle obstructing spatial trans- 
mission within a communication area. The moving 
body discriminator of the present invention can be 
also effectively used particularly in an operating 
system using a general dangerous diagnostic 

50 method since a diagnostic operation is manually 
operated in this method. The operating system is 
constructed by a toll road charge collecting sys- 
tem, a commutation-ticket automatic examining 
system and a vehicle operating control system as 

55 examples. Further, the present invention can be 
effectively applied to an operating system in which 
a communication time is short. Such an operating 
system is constructed by a train discriminating 
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system, a toll road charge collecting system, a 
product line system for a short tact time, a door 
entrance-exit control system, a skiing ground lift 
riding system, a precincts finding-out follow-up sys- 
tem, etc. as examples. In these systems, a plurality, 
of question antennas are arranged such that the 
question antennas are adjacent to each other. 

In the present invention, the moving body dis- 
criminator is used irrespective of a spatial transmit- 
ting medium. Namely, the moving body discrimina- 
tor in the present invention can be applied to alt 
discriminating and communicating devices of a 
moving body in which vibrational energies of "radio 
waves such as a millimeter wave, a microwave, a 
medium wave, a long wave, etc.", "electromagnetic 
coupling utilizing mutual induction of a coil", "light 
such as a visible ray, an infrared ray, etc." are 
utilized as a communication medium. 

As mentioned above, in the present invention, 
a moving body discriminator comprises data pro- 
cessing means for outputting a communication 
command; a plurality of control means each con- 
nected to the data processing means and inputting 
the communication command outputted from the 
data processing means and outputting a predeter- 
mined instruction; a plurality of antennas connected 
and corresponding to the plural control means and 
inputting and outputting the predetermined instruc- 
tion outputted from each of the corresponding con- 
trol means; and responding means for inputting the 
predetermined instruction by spatial transmission 
and outputting a specified signal to an antenna 
outputting the predetermined instruction; the plural 
control means controlling operations of the plural 
antennas such that the plural control means se- 
quentially operate the plural antennas in a pre- 
determined order to communicate with the re- 
sponding means. Accordingly, connection between 
the data processing means and the plural control 
means can be simplified. A processing burden of 
the data processing means can be reduced. Fur- 
ther, a token cyclic period of the antennas can be 
shortened. As a result, generating probability of 
undetection of a token is reduced when the re- 
sponding means is moved at a high speed. 

In the moving body discriminator, the data pro- 
cessing means registers operating contents com- 
manded to the antennas to the antennas and the 
responding means in advance. A series of oper- 
ations between the data processing means, the 
antennas and the responding means is executed 
by a register number on a side of the responding 
means. Accordingly, it is possible to reduce a 
processing time for checking the operating con- 
tents and a message length between each of the 
antennas and the responding means. As a result, 
an entire operating time of the operating system 
can be shortened. 



In the moving body discriminator, each of the 
antennas measures a communication time from 
reception of an operating command from the data 
processing means to reception of a response from 
5 the responding means. Each of the antennas statis- 
tically processes maximum, minimum and average 
values of the measured communication time. Each 
of the antennas records the present, maximum, 
minimum and average values of the communication 
10 time calculated in its measurement and statistical 
processing and confirms an operating state of an 
operating system. Accordingly, operating stability 
of the operating system can be confirmed from the 
present, maximum, minimum and average values 
15 of the communication time after a communicating 
equipment is operated. 

In the moving body discriminator, the respond- 
ing means registering an ID code determined for 
diagnosis thereto is constantly arranged in a com- 
20 munication area of the antennas. Each of the anten- 
nas issues an operating command adding a dis- 
criminating code thereto at an arbitrary time point 
during the operation of an operating system so as 
to diagnose signal transmitting and receiving func- 
25 tions of each of the antennas. The discriminating 
code designates an operating mode in which the 
responding means having an ID code conforming 
to the ID code determined for diagnosis transmits a 
response. Accordingly, no man is required for ex- 
30 ecution of the diagnostic operation and the di- 
agnostic operation can be performed at an arbitrary 
time point during the operation of the operating 
system. Further, the diagnostic operation can be 
performed for a short period. 
35 In the moving body discriminator, the respond- 

ing means responsive to only a diagnostic com- 
mand is constantly arranged in a communication 
area of the antennas. Each of the antennas issues 
the diagnostic command at an arbitrary time point 
40 during the operation of an operating system so as 
to diagnose signal transmitting and receiving func- 
tions of each of the antennas. Accordingly, no man 
is required for execution of the diagnostic operation 
and the diagnostic operation can be performed at 
45 an arbitrary time point during the operation of the 
operating system. Further, the diagnostic operation 
can be performed for a short period. 

In the moving body discriminator, the moving 
body discriminator further comprises a circuit plate 
50 constructed such that the circuit plate transmits a 
resending requirement command when it is judged 
that response data received by each of the anten- 
nas are abnormal. Accordingly, when the circuit 
plate is transmitting the response data and ab- 
55 normality is found in data received by each of the 
antennas, the data transmission of the circuit plate 
is immediately stopped and the circuit plate can be 
retried. As a result, the circuit plate can be retried 
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without causing any time loss when abnormality is 
found in the response data from the circuit plate. 

Many widely different embodiments of the 
present invention may be constructed without de- 
parting from the spirit and scope of the present 5 
invention. It should be understood that the present 
invention is not limited to the specific embodiments 
described in the specification, except as defined in 
the appended claims. 

10 

Claims 

1. A moving body discriminator characterized in 
that the moving body discriminator comprises: 

data processing means (100) for outputting 75 
a communication command; 

a plurality of control means (101 -ION) 
each connected to said data processing means 
(100) and inputting said communication com- 
mand outputted from said data processing 20 
means (100) and outputting a predetermined 
instruction; 

a plurality of antennas (11 1-1 IN) connect- 
ed and corresponding to said plurality of con- 
trol means (101 -ION) and inputting and output- 25 
ting the predetermined instruction outputted 
from each of the corresponding control means 
(101-10N); and 

responding means (120) for inputting said 
predetermined instruction by spatial transmis- 30 
sion and outputting a specified signal to an 
antenna outputting said predetermined instruc- 
tion; and 

said plurality of control means (101 -ION) 
control operations of said plurality of antennas 35 
(11 1-1 IN) such that said plurality of control 
means (101 -ION) sequentially operate said 
plurality of antennas (111-11N) in a predeter- 
mined order to communicate with said re- 
sponding means (120). 40 

2. A moving body discriminator according to 
claim 1, wherein said data processing means 
(100) registers operating contents commanded 

to said antennas (11 1-1 IN) to said antennas 45 
(11 1-1 IN) and said responding means (120) in 
advance, and 

a series of operations between the data 
processing means (100), the antennas (111- 
11N) and the responding means (120) is ex- so 
ecuted by a register number on a side of the 
responding means (120). 

3. A moving body discriminator according to 
claim 1. wherein each of said antennas (111- 55 
11N) measures a communication time from 
reception of an operating command from said 
data processing means (100) to reception of a 
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response from said responding means (120); 

each of the antennas (1 1 1 -1 1 N) statistically 
processes maximum, minimum and average 
values of said measured communication time; 
and 

each of the antennas (11 1-1 IN) records 
the present, maximum, minimum and average 
values of said communication time calculated 
in its measurement and statistical processing 
and confirms an operating state of an operat- 
ing system. 

4. A moving body discriminator according to 
claim 1, wherein said responding means (120) 
registering an ID code determined for diagno- 
sis thereto is constantly arranged in a commu- 
nication area of said antennas (1 1 1-1 IN); 

each of said antennas (11 1-1 IN) issues an 
operating command adding a discriminating 
code thereto at an arbitrary time point during 
the operation of an operating system so as to 
diagnose signal transmitting and receiving : 
functions of each of the antennas (11 1-1 IN); ' ^"^ 

and 

the discriminating code designates an op- -"^^ 
erating mode in which the responding means * *^ 

(120) having an ID code conforming to said ID . 
code determined for diagnosis transmits a re- - ' 

sponse. ' : 

5. A moving body discriminator according to ' ^ 
claim 1, wherein said responding means (120) 

responsive to only a diagnostic command is "* 
constantly arranged in a communication area 
of said antennas (1 1 1 -1 1 N); 

each of said antennas (11 1-1 IN) issues 
said diagnostic command at an arbitrary time 
point during the operation of an operating sys- 
tem so as to diagnose signal transmitting and 
receiving functions of each of said antennas 
(111-11N). 

6. A moving body discriminator according to 
claim 1, wherein the moving body discrimina- 
tor further comprises a circuit plate construct- 
ed such that the circuit plate transmits a resen- 
ding requirement command when it is judged 
that response data received by each of said 
antennas (1 1 1-1 IN) are abnormal. 
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(54) Moving body discriminator 

(57) A moving body discriminator has a data proc- 
essor (100) for outputting a communication command; a 
plurality of controllers (101 -ION) each connected to the 
data processor (100) and inputting the communication 
command outputted from the data processor ( 1 00) and 
outputting a predetermined instruction; a plurality of 
question antennas (11 1-1 IN) connected and corre- 
sponding to the plural controllers (101 -ION) and input- 
ting and outputting the predetermined instruction 
outputted from each of the corresponding controllers 



(101-10N); and a responder (120) for inputting the pre- 
' determined instruction by spatial transmission and out- 
putting a specified signal to a question antenna 
outputting the predetermined Instruction. The plural 
controllers (101-10N) control operations of the plural 
question antennas (11 1-1 IN) such that the plural con- 
trollers (101 -ION) sequentially operate the plural ques- 
tion antennas (111-11N) in a predetermined order to 
communicate with the responder (120). 
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